Background: As a low-income country, Nepal is experiencing cardiovascular diseases as an emerging health problem. However, studies are lacking on the risk factors of cardiovascular diseases in peri-urban communities; where the socio-demographical transition is in progress. Therefore, this study aimed to identify the prevalence and socio-demographic distribution of cardiovascular disease risk factors in one of the peri-urban communities in Kathmandu, Nepal. Methods: We conducted a cross-sectional study in Sitapaila Village Development Committee, Kathmandu from February 2014 to February 2015. Altogether, 347 adults from 18 to 70 years of age were selected randomly. Data were collected through modified WHO STEPS questionnaire for non-communicable disease (NCD) risk factors survey and analyzed in SPSS V.16.0 software. Results: Mean age of the participant was 42.5 AE 13.2 years. Majority of them were female (n = 206; 59.4%), one-third (34%) represented Brahman and Chetri, and over a quarter (29.1%) did not attend school. Cardiovascular disease risk factors included smoking (17.6%), alcohol consumption (29.4%), insufficient fruit and vegetables intake (98%), insufficient physical activity (21.0%), obesity (15.3%), hypertension (34.4%), diabetes (10.5%), and high triglyceride levels (10.8%). They were significantly associated with different socio-demographic characteristics: smoking with gender, age groups and education level; alcohol consumption was with gender, age groups, ethnicity and occupation; insufficient physical activity with gender, age groups and occupation; hypertension with gender, age groups, ethnicity, education level and occupation. Conclusion: A high prevalence of cardiovascular disease risk factors and their disproportional distribution among the study population indicated an inevitable risk of cardiovascular events in near future.
health literacy, peri-urbanization and environmental pollution. Constellation of urban and rural predisposing factors may increase the cardiovascular health vulnerability of the peri-urban communities. Findings from the similar settings in Kathmandu showed that nearly half of the study population had poor knowledge on cardiovascular health, and majority had "Red or unhealthy food" preference over "Green or healthy foods and were indulged in sedentary activities". 11, 12 Studies elsewhere [13] [14] [15] [16] [17] [18] have also demonstrated a high prevalence of CVD risk factors both in urbanizing and rural communities. Nepal NCD risk factors surveys (STEPS survey) 2007 and 2013, and other studies have also assessed some of the CVD risk factors in Nepalese urban or rural population [19] [20] [21] . However, there is limited literature on CVD risk factor profile in Nepalese peri-urban population. This study, therefore, aimed to estimate the prevalence of CVD risk factors in a selected peri-urban community of Kathmandu, Nepal.
Methods

Study design and setting
This was a community-based, cross-sectional study carried out in Sitapaila Village Development Committee (VDC) from February 2014 to February 2015. Study site represents one of the rapidly urbanizing places near Kathmandu with a soaring in-migration. 22 
Study population, sample size and sampling strategy
Study participants included adult (>18 years), of any sex and residing as a permanent resident of the study site at least from previous six months at the time of the study. However, adults with self-reported CVDs and pregnant women were excluded from the study.
Sample size was calculated using formula for estimating single group population proportion (N = Z 2 pq/d 2 ) with specified absolute precision, 23 where the estimated prevalence of hypertension was 25.7% 21 ; allowable error-5%; level of significance-5%; and nonresponse rate-15%. That gave out a sample size of 345.
This study randomly selected 347 participants from the same number of households. Sampling strategy has been described elsewhere. 24 In short, the households were chosen by systematic random sampling method. In the case of more than one eligible participants in a household, a single individual was enrolled into the study by applying the Kish method. 25 
Data collection tool and technique
Data were collected through face to face interview, and taking anthropometric, clinical and biochemical measurements. We used WHO STEPwise questionnaires to collect the information on tobacco use, alcohol consumption, fruit and vegetable consumption, physical activity and dietary salt consumption. 26 Tools were pre-tested and data enumerators were trained in the research protocol, interviewing and measuring of the variables using WHO STEPS manual 25 before sending them for data collection.
Tobacco use
Data particularly related to the pattern of smoked and smokeless tobacco use including the age of initiation and frequency of use were collected from current, past, and daily users. Current users were those who had smoked or used smokeless tobacco products in the last 30 days. 20 Participants who reported smoking at least 100 cigarettes in their lifetime and who, at the time of the survey, did not smoke were defined as past smoker. 20 
Alcohol consumption
Standard drinks and frequency of drinking in the last 30 days were obtained from current alcohol users. 20 Pictorial cards featuring different kinds of glasses and bowls that weremost commonly used in Nepal were shown to the participants to help themrecall the amount of drinking. The self-reported amount was then used to determine the number of standard drinkof alcohol consumed (one standard drink is equal to 10 g of ethanol). 20 In the same way, current episodic heavy drinking was considered as five or more drinks on any day in the past 30 days. 27 
Diet
Dietary recall method was used to collect information on types, amount and servings of vegetables and fruit consumed in the last three days. Measurement of the amount of fruit and vegetables was aided by pictorial show cards and measuring cups (one standard serving of fruit or vegetables is equal to 80 g). Less than 400 g of fruit and vegetables intake in three days was considered insufficient intake. Information regarding types and amount of cooking oil and salt was also collected. Average salt intake per person per day was then calculated from the amount of salt consumed by a family in a month.
Physical activity
Sufficient physical activity was defined as !600 MET minute of moderate and vigorous activity in a week. 28, 29 For that, physical activity in the last seven days was recorded. Activities related to work, transport, and recreational activities were categorized into vigorous, moderate, and low level. 28 Vigorous physical activity was defined as any activity with a metabolic equivalent (MET) value of over six. Moderate physical activity was an activity with a MET value between three and six. Finally, physical activities with a value of lower than three such as coffee or tea chats and travelling in a car were considered as low or sedentary physical activity level. The references for METs of each activity were taken from 2011 Compendium of Physical Activities. 30 
Anthropometric measurement
Height was measured in centimeter with a portable standard stature scale with foot and head-wear off, and hair untied. Weight was recorded in kilograms with a portable digital scale (Microlife Corp) by placing on a firm, flat surface. Body Mass Index (BMI) was calculated and categorized below normal (<18.5 kg/m 2 ), normal (18.5-25.0 kg/m 2 ), overweight (25.0-<30.0 kg/m 2 ), or obese (!30.0 kg/m 2 ). 25, 31 To determine the waist-hip ratio (WHR), waist and hip circumferences were measured by a constant tension tape. Waist circumference was taken at the end of a normal expiration with arms relaxed at the sides at the midpoint between the lower margin of the last palpable rib and the top of the iliac crest (hip bone). Hip circumference was taken at the maximum circumference over the buttocks. Reading was taken at the level of tape to the nearest 0.1 cm, while ensuring the tape measure was snug. 25 Based on the World Health Organization (WHO) criteria, WHR scores of !0.90 cm for male; and !0.85 cm for female were considered as obesity. 32 
Clinical examination
A total of three readings of the systolic and diastolic blood pressure were taken using Doctor's Aneroid Sphygmomanometer. Participants took a rest for three minutes between each reading. Average of the second and third readings was used as the final measurement for the analysis. Hypertension was defined as having a systolic blood pressure level !140 mm Hg and/or diastolic blood pressure !90 mm Hg, or taking any antihypertensive medication. 33 
Biochemical measurements
For the collection of biochemical samples for fasting blood sugar (FBS) and lipid, we requested the participants to fast overnight for 12 h. Firstly, venous blood samples (4 mL of blood) were collected, kept in an ice pack carrier, and brought to the hospital laboratory within one hour. A laboratory technician collected the samples and analyzed them. Biochemical measurements of blood glucose and lipids were taken using semiautomated procedures and commercially available kits (from Accurex Biomedical Pvt. Ltd). Low Density Lipoprotein (LDL-C) was calculated using Friedwald equation. 34 Diabetes was defined as having fasting blood sugar level of 126 mg/dL or higher or currently taking any anti-diabetic medications. 35 Similarly, a cholesterol level of !240 mg/dL, LDL-C ! 160 mg/dL and triglycerides ! 200 mg/dL were defined as high, whereas High Density Lipoprotein (HDL-C) values below 40 mg/dL for male or lower, and 50 mg/dL or lower for female were considered to be low. 36 
Data management and analysis
Data were compiled, edited, and checked for consistency, and processed through Epidata V.2.1 and SPSS V. 16 .0 for further analysis.
Frequency and percentage were presented in tables to show the distribution of risk factors among socio-demographic characteristics. Chi-square test was used to a) determine whether sociodemographic characteristics were distributed homogenously by gender, and b) examine their association with CVD risk factors. All tests were two-tailed and p < 0.05 was considered statistically significant.
Ethical consideration
The study protocol was approved by an independent Ethical Review Board (ERB) of the Nepal Health Research Council (NHRC). We clearly explained the research purpose and assured to protect their privacy and confidentiality in the study and then we obtained written consent from the participants. Participants who had critically uncontrolled blood pressure and high blood sugar level were referred to the nearby treatment facilities.
Results
Demographics
Of the 347 participants, 141 (40.6%) were males and 206 (59.4%) were females. Mean age was 42.55 AE 13.26 years with a median of 40 years. The majority of the participants (60.5%) were from Brahmin and Chetri and were married (83%) ( Table 1) . One third had never attended school and 36.6% were homemakers (Table 1) . Mean and median of household income per month were 23584 AE 18862 and 20,000 Nepalese rupees respectively.
There was no statistical difference in the demographics and ethnicity of the participants. However, a significant statistical difference was found in the educational level by gender: more males had higher education level as compared to females, who tended to have no formal education.
Prevalence of cardiovascular risk factors
Smoking
Out of the total, 61 (17.6%) participants were currently smoking ( Table 2) . Half of the current smokers initiated smoking before 17 years of age and 20% had been smoking continuously from the last 40 years. Almost all (57 of 61) smokers smoked manufactured (branded) cigarettes of an average of 10 sticks per day. Thirty-eight (11%) respondents were using smokeless tobacco products (Table 2) . Gender, age groups and education level were significantly associated with smoking ( Table 5 ).
Alcohol consumption
Over a quarter of the participants (29.4%) had consumed alcohol at least once in past 30 days (Table 2 ). Among them, 16 .7% (17 of 102) reported drinking alcohol daily. The average number of standard drinks in the last 30 days was 8.9, with a maximum of 30. Current episodic heavy drinking (five or more than standard drinks at any day during the last month) remained limited to 19.6% of total alcohol users. Male, of 40-49 years of age, and from the Newar ethnic group were significantly more likely to drink (Table 5 ).
Fruit and vegetable consumption
Only 2% of the participants consumed sufficient fruit and vegetables (!400 g/day). An average of fruit and vegetables intake per person per day was 150 g. Seasonal vegetables, cauliflowers, and guava were the most common.
Participants who had an inadequate intake of fruit and vegetables consumption were female, those who had no formal education, and were from Brahmin and Chetri (Table 5 ). However, the difference was not statistically significant.
Nearly all households (99.4%) used vegetable oil (mustard, soybean, sunflower oil) for cooking. The average amount of cooking oil used per household was 3.9 L per month. Similarly, the average daily salt intake per person was 9.57 g AE 5.49 g. Very few (4 out of 347) participants were using extra salt to meal at the table (Table 2 ).
Physical activity
Seventy three participants (21.0%) were insufficiently (<600 METs) involved in moderate and vigorous physical activities ( Table 2) . Median of MET values of moderate and vigorous activities per week was 1800. Married, male, participants over 50 years and government job holder were significantly less likely to be physically active ( Table 5 ). Although participants from Brahmin and Chetri, and with higher educational level were observed to be less physically active, the difference was not statistically significant.
Obesity
The mean body mass index of total participants was 26.2 kg/ m2 AE 5.1 kg/m2 (Table 3) . Obesity was observed in 15.3% of the participants (Table 4 ). In approximately half of the participants, WHR was above the normal cut-off point (!0.90 cm for male; !0.85 cm for women). Obesity, though statistically non-significant, was moderately high in 30-39 age group, female, self-employed, and in those without formal education (Table 5 ).
Hypertension
Prevalence of hypertension was 34.6% (29.6-39.6 ). Almost half of them (51 of 120) were unaware of their raised blood pressure level. Of those who were aware (n = 69), 23.2% were not taking any antihypertensive medications. Of those who were taking hypertensive medications (n = 53), nearly half (47.2%) had controlled blood pressure level. Hypertension significantly varied with age groups. It occurred relatively high in elderly, participants without any formal education, married, Newar, and homemakers than others ( Table 5 ).
Diabetes
Only 296 of the 347 (85.3%) participants provided blood samples for biochemical measurements. Nine participants who were absent during sample collection confirmed that they had diabetes. Diabetes was present in 10.5% (32 of 305) of the participants. Among the person with diabetes, 19 were taking antidiabetic medicines. Mean fasting glucose was 91.9 mg/dl AE 25 mg/ dL. Impaired fasting glucose was seen in 11.1% (34 of 305). Diabetes was significantly varied with age groups and occupation.
Lipid levels
Triglyceride (TG) level was above the normal limit (!150 mg/ dL) in 34.4% (102 of 296) of the participants. Among them, borderline high TG levels (150-199 mg/dL) were observed in 23.6% and substantially high (!200 mg/dL) was noticed in 10.8%. The average triglyceride level was 133.5 mg/dL. Substantially high TG level was significantly associated with age groups, genders, and occupation ( Table 5) .
Compared to TG, the number of participants with high cholesterol level (!240 mg/dL) was negligible (1.7%). Borderline cholesterol level (200-239 mg/dL) was noted in 13.5%. The proportion of the participants having high LDL cholesterol was 1.7%. In contrast to other lipids, a high proportion of the participants (68.2%) had poor HDL level.
Clustering of risk factors
Most of the respondents (93.2%) had at least one risk factor. One third of the participants were presented with three and more risk factors. Similarly, a cluster of five and more risk factors was noted in 4.1% of the participants.
Discussion
This study found high prevalence of CVD risk factors among the study population. They were disproportionately distributed by age, gender, education level and ethnicity. This was the first community based study conducted to estimate the prevalence of CVD risk factors in the area. As this study was conducted at a selected site, study findings should, therefore, be generalized cautiously to other peri-urban settings.
Our study found comparatively high prevalence of CVD risk factors than that of the national representative estimate 21, 37, 38 and the findings from a number of studies from similar settings in Nepal. 16, [39] [40] [41] The proportion of current smoker (17.6%) is nearly equal to that estimated in the nationwide NCD risk factors survey 2013 (18.5%). 21 Particularly, male and 41-50 years aged participants had more tendency to be a smoker. Similarly, the presence of smoking habit in a large proportion of participants without formal education suggested an association between smoking and educational level. Several studies evaluated the relationship between low literacy and smoking and found that people with low reading ability were more likely to be smokers. 42 The presence of a large proportion of participants who quitted smoking (16.1%) in the study could possibly suggest the increasing trend of cessation of smoking. That might be because of increasing literacy rate and implementation of tobacco free initiatives thorough out the nation. Recent studies also indicated a decreasing trend in prevalence of smoking in Nepal. 43, 44 However, as we concluded in our recent meta-analysis, downward shift in the age of initiation of smoking and high prevalence of tobacco use among adolescents are the major challenges in tobacco free initiatives in Nepal. 45 Approximately one third of the participants (29.4%) had consumed alcohol in the last 30 days. The proportion is higher than that reported in the NCD risk factors survey (17.4%). 21 In Kathmandu, particularly in Newar ethnic group, alcohol consumption is culturally an integral part of every ritual celebrations. Therefore, proportion of current alcohol users was comparatively high in the study population and other communities of Kathmandu. 39 This study found that inadequate fruit and vegetables consumption (<400 g/day) was universal (98%). Other national studies also showed similar results. 20, 21 Both the findings from the current study and national survey are substantially higher than that of low-and middle-income countries. 46 One of our studies conducted in rural Nepal indicated that dependency over seasonal production, insufficient supply and comparatively high price of fruit and vegetables adversely affected on their intake. 19 This can also be explained as insufficient knowledge on the benefits of fruit and vegetables intake. Finding on physical activity level suggests that sedentary lifestyle could be a major public health threat in future. The proportion of insufficient physical activity (<600 METs/week) in the study population was nearly six times higher than that of the national level. 21 Evidence suggests that individual factors, such as age, sex, environmental, geopolitical and economic factor can discourage people exercising outdoors. 47 Likewise, the prevalence of immediate CVD risk factors such as obesity, diabetes and hypertension were considerably high in the study population as compared to other studies in Nepal. 19, 21, [37] [38] [39] They had disproportional distribution among age groups, ethnicity and education which are consistent with other Nepalese studies that showed an inverse association between cardiovascular risk factors including diabetes and hypertension to education and socio-economic status. 19, 21, 39 This study has limited scope to explain the presence of high prevalence of CVD risk factors in the study population. However, role of the existing predisposing factors such as shifting demographics of a rapidly expanding elderly population, growing socio-economic inequalities, rural-toperi-urban migration, unplanned urbanization and deteriorating air pollution cannot be refuted.
Overall, the current study demonstrated high prevalence of CVD risk factors in a semi-urban population in Kathmandu, Nepal suggesting Nepalese peri-urban communities may also have the same level of risk of developing the cardiovascular diseases like the urban communities in future. Therefore, as guided by the Urban Health Policy of 2015, provision of Urban Health Promotion Centre (UHPC) should be extended beyond the territory of urban communities for greater cause of serving semi-urban population and ensuring delivery of quality essential health care services and health promotion activities, with particular focus on prevention and control of NCDs including CVDs among the poor, women, children, and marginalized groups. Similarly, the recently endorsed Multi-sectoral Action Plan for the Prevention and Control of NCDs (2014-2020) should be implemented effectively for health promotion and risk reduction in peri-urban areas as well. This study had some limitations; first, because of its crosssectional in nature, we could not take multiple measurements and confirm the diagnosis of diabetes and hypertension. Similarly, there was a risk of recall bias while recording dietary and medication history and assessing seven days physical activities. This study might also have encountered measurement errors while collecting data through anthropometric, clinical and biochemical measurements.
Conclusion
Findings on prevalence and distribution of CVD risk profile of a peri-urban community in Kathmandu suggest that study population is at high risk of developing cardiovascular disease in near future. This study has major implications for developing community-centered CVD preventative programs targeting different social strata in Nepal.
